A dissolution test method and an analytical procedure by HPLC were developed and validated for the evaluation of the dissolution of tablets containing albendazole and praziquantel. Two different commercially tablets containing 500 mg of albendazole and 50 mg of praziquantel for veterinary use were selected for this study. A dissolution medium containing a mixture of 300 mL ethanol and 600 mL of 0.1 mol L -1 HCl was found suitable to ensure sink conditions. USP Apparatus 2, 900 mL dissolution medium and 75 rpm were fixed. Dissolution profiles were generated at 45 min. Dissolution samples were analyzed with a reversed-phase high-performance liquid chromatography (RP-HPLC) method with ultraviolet (UV) detection at 210 nm, developed and validated for this purpose. Each product was also assayed for analyte content according to USP 35. The dissolution test described here could be proposed as a means of assessing finished product quality.
Introduction
Albendazole (ALB) is methyl[5-(propylthio)-l-Hbenzimidazol-2yl]carbamate ( Figure 1 ). It is found to inhibit the polymerization of the parasite tubulin into microtubules. There is a higher affinity of ALB for the parasite tubulin and so, the activity is mainly influenced by the parasite rather than by the host. The loss of the cytoplasmic microtubules leads to impaired uptake of glucose by the larval and adult stages of the parasites. The worm is then unable to maintain energy production, which leads to its immobilization and eventual death. 1 Praziquantel (PRA) [2-(cyclohexylcarbonyl)-1,2,3,6,7,11b-hexahydro-4hpyrazino(2,1a) isoquinoline-4-one] (Figure 1 ) is a pyrazinoisoquinolone derivative which has been shown to be highly effective against a broad spectrum of cestode and trematoda parasites in humans and animals. 2 The detailed molecular mechanism of action of PRA has not been elucidated yet, but it rapidly causes tegumental damage and paralytic muscular contraction of parasites. This may be due to an action on parasite glutathione S-transferase and intracellular calcium level. 3 In addition, adequate analytical procedures should be applied to the determination of the amount of ALB and PRA dissolved during dissolution testing. The method should be sufficiently sensitive, selective, robust and rapid in order to analyze the large number of samples generated from dissolution experiments. ALB-PRA association does not appear in any Pharmacopoeia and they have been individually determined in several matrices. ALB has been determined in milk by high-performance liquid chromatography (HPLC) [4] [5] [6] in swine tissues and aquaculture fish samples by ultra-high performance liquid chromatography (UHPLC) coupled with mass spectrometry (MS) methods. 7, 8 On the other hand, PRA has been determined by liquid chromatography coupled with MS (LC/MS), 9,10 LC, 11 HPLC, 12 cathodic adsorptive stripping differential-pulse voltammetry, 13 UHPLC-MS 14 methods in milk and human plasma. 16 determines both analytes in plasma. The second one 17 determines both analytes in bulk and synthetic mixtures, but does not provide information about the development and optimization of the method, and is not specific and sensitive enough for this purpose.
In this study, a dissolution test and a simple HPLC method were developed and validated to evaluate the dissolution performance of tablets containing ALB and PRA for veterinary use.
Experimental

Chemicals and reagents
Experiments were performed with pharmaceutical grade ALB and PRA (Saporiti, Buenos Aires, Argentina) and analytical grade reagents (Merck, Darmstadt, Germany). Three lots of tablets, corresponding to three different commercial brands (Brand 1, Brand 2 and Brand 3) were obtained from the local veterinary market. The pharmaceutical preparations were declared to contain 500 mg ALB, 50 mg PRA and excipients. The average weights were 715, 900 and 665 mg/tablet for Brand 1, Brand 2 and Brand 3, respectively. Capsules containing 500 mg of ALB and 50 mg of PRA were prepared in our laboratory in order to develop a dissolution test as reference formulation. HPLC-grade solvents (J. T. Baker, Mexico) and double-distilled water were employed for analyses. The mobile phase was filtered through 0.2 μm nylon filters before use.
Equipment Dissolution testing
Dissolution testing was performed using a Hanson SR8-Plus dissolution Test Station, operated as USP Apparatus 2 (paddle) at 75 rpm and 37.0 ± 0.5 °C. Conditions were 300 mL of ethanol and 600 mL of 0.1 mol L -1 HCl, as dissolution medium. Six tablets were processed in each dissolution experiment. Sample aliquots were collected at 5, 10, 20, 30 and 45 min and analyzed by the HPLC procedure for dissolution samples described above.
Analysis of dissolution samples
Chromatographic separations were performed with an Agilent Technologies 1200 Series chromatograph (Santa Clara, U.S.A.) equipped with four pumps, an automatic injector fitted with a 20 μL loop and a diode array detector. Analysis of aqueous solutions of ALB and PRA were performed on a Luna C18 column (250 × 4.6 mm i.d., 5 μm particule size) provided by Phenomenex, thermostatized at 30 °C with a mobile phase containing 50% acetonitrile (ACN) and 50% phosphate buffer solution (30 mmol L -1 , pH 2.9), pumped at a flow rate of 1.3 mL min -1 with UV detection at 210 nm.
Spectrophotometer
The UV spectra were obtained with a Shimadzu 1601PC double beam UV-Vis spectrophotometer (Kyoto, Japan) employing 10 mm matched quartz cells.
Hardness, friability and disintegration time
Hardness testing was determined with a model DU V, AVIC. Friability was determined using a Friabilator F II, AVIC. Disintegration time was determined with a Disintegration DE-II, AVIC. The USP 35 18 conditions were used.
Software
Experimental designs were carried out using Design Expert v.7 (Stat-Ease, Inc., Minneapolis, U.S.A.) and statistical analyses were performed using SPSS v.9 (SPSS, Inc., Chicago, U.S.A.).
Standard solutions
The stock standard solution of ALB (0.226 mg mL -1 ) was prepared by accurately transferring weighed amounts of the drug to a 10 mL volumetric flask and completing to the mark with the diluent (methanol (MeOH), 1% v/v in H 2 SO 4 ), then, by transferring 2 mL to a 100 mL volumetric flask and completing to volume with the same diluent. The stock standard solution of PRA (0.02216 mg mL -1 ) was prepared by dissolving an accurately weighed amount of the drug with MeOH in a 25 mL volumetric flask, then, by transferring 1 mL to 100 mL volumetric flask and completing to volume with MeOH. The solutions were stored at 4 ºC and left to attain room temperature before use.
Validation samples
Linearity of the method was evaluated at nine different concentration levels by diluting the standard solutions with methanol to obtain solutions over the range 10-130% for ALB (6.78-101.7 mg L were derived by calculating the signal-to-noise ratio (S/N, i.e., 3.3 for LOD and 10 for LOQ) using the following equations designated by the International Conference on Harmonization (ICH):
where, σ is the standard deviation of the response and S is the slope of the calibration curve. For recovery studies, known amounts of the analytes were added to samples of tablets pre-analyzed with the proposed method, containing the analytes at the 70% level in order to obtain samples fortified with corresponding concentration of 80, 90 and 100% of the label.
In order to verify the repeatability and the robustness of the method, a solution containing a mixture of standards of both analytes at a level of 100% was prepared.
For intermediate precision, three samples of mixed standard solutions were prepared by three different analysts at 100% level were employed.
The specificity was determined by the peak purity indices of the analytes in sample solutions employing a photodiode-array (PDA) detector under the optimized chromatographic conditions.
Preparation of pharmaceutical samples For the dissolution testing
Under the optimized conditions, a single tablet was added to each of the six vessels of the dissolution test-station just before starting the test. At the pre-established times (5, 10, 15, 20, 30 and 45 min for dissolution profiles and after 45 min for dissolution testing), 10 mL of the samples were withdrawn from the vessels (without solvent replacement) and filtered through 0.2 μm nylon membrane filters, discarding the initial portions. The samples were diluted with 0.1 mol L -1 HCl in 10 mL flasks and filtered before chromatography analysis.
For the analysis of tablets
For each brand, twenty tablets were weighed, crushed and mixed in a mortar. A portion of the powder, equivalent to 20 mg of ALB and 2 mg of PRA, was transferred to a 25 mL volumetric flask and 2.5 mL of the diluent and 10 mL of MeOH were added. The flask was mechanically shaken for 15 min, to ensure complete extraction of the drugs and completed to the mark with MeOH. An aliquot (10 mL) was taken, centrifuged for 10 min at 3000 rpm and 1.0 mL of the supernatant was transferred to a 10 mL volumetric flask, completed to the mark with MeOH and filtered before chromatography analysis. The procedure was performed in triplicate for each brand.
Results and Discussion
Analysis of dissolution samples
Optimization of detection wavelength Figure 2a shows the UV spectra of ALB and PRA dissolved in mobile phase, between 200 and 350 nm, keeping the relationship found in pharmaceutical formulations. It can be observed that PRA exhibits poor absorbance at wavelength below 220 nm while ALB shows three absorption peaks at 204, 230 and 300 nm, respectively.
The most suitable detection wavelength was rationally selected employing a multi-objective optimization strategy, which consisted in building and evaluating a desirability function upon the UV-Vis spectral data of the analytes. The overall desirability D, a value between 0 and 1, is defined by combining the individual desirability values. Then, the optimal setting is determined by maximizing D. 20 The desirability function was built with the goals of maximizing the absorbance of PRA, while simultaneously minimizing the absorption of ALB, the most abundant analyte. Under these conditions, the optimum detection wavelength was 210 nm (D = 0.40, Figure 2b ).
Optimization of separation
In the screening phase, a Plackett-Burman design was applied considering pharmacopoeial conditions for each analyte. 18 The following factors were studied: organic phase (MeOH-ACN) and aqueous phase (water-buffer phosphate). The best results were obtained using a mixture of ACN-sodium phosphate buffer, which was employed as a starting point for further optimization.
Temperature had no significant effect on the separation and the use of a 30 mmol L -1 buffer improved peak shapes. Therefore, column temperature was fixed at 30.0 ± 0.2 °C and the buffer concentration was established at 30 mmol L -1 . A response surface methodology (RSM) was used to achieve the optimum conditions for analysis during method development. A Box-Behnken experimental design was applied to optimize HPLC responses such as the resolution and retention time of both analytes. The factors considered were pH sodium phosphate buffer (2.5-4.5), organic phase (50-70%) and flow rate (0.70-1.30 mL min -1 ). The overall desirability (D) is obtained as the geometric mean of the corresponding partial desirability. After applying a global desirability analysis (Figure 3) , the optimum conditions were: the mobile phase was a 50:50 (v/v) mixture of sodium phosphate buffer (30 mmol L -1 , pH 2.9) and ACN, pumped at 1.3 mL min -1 and thermostated at 30 ± 0.2 °C. The analytes were detected at 210 nm.
Typical chromatogram of the mixed standard solution is shown in Figure 4a .
Robustness
Method parameters, such as buffer pH, amount of ACN in the mobile phase and flow rate, were modified in order to evaluate the potential impact on the performance of the analytical development method. The influence of these variables on the method was studied through intentional small variations in buffer pH (2.8-3.0), amount of ACN in the mobile phase (47-53%) and flow rate (1.25-1.35 mL min -1 ), following a 3 3 factorial design. Under each condition, the samples were analyzed, recoveries of each analytes were recorded and the effects of the changes were statistically evaluated by means of the analysis of variance test (ANOVA). An increase in the flow rate resulted in a decrease in the recoveries, while the percentage of organic modifier and pH had no important effect on the response. In conclusion, by examining the ANOVA results, it can be confirmed that recoveries are not robust for the flow rate; thus, a precautionary statement should be included in the analytical procedure for this factor.
Method validation
The validation of the optimized method was performed in agreement with ICH guidelines 19 with respect to specificity, accuracy, precision (repeatability and intermediate precision), linearity and range (Table 1) .
Dissolution testing development and dissolution profile construction
The tablets of ALB and PRA are official in the relevant pharmacopoeias, 18 but their association is not. Furthermore, (ii) solubilization of the drug by co-solvents up to 40% and by anionic or non-ionic surfactants added to the dissolution medium in postmicellar concentrations; (iii) alteration of pH to enhance the solubility of ionizable drug molecules. The last two approaches seem less cumbersome and have been more widely employed in pharmaceutical dissolution tests. 21 Therefore, based on the literature for poorly soluble drugs, 22 mixtures containing sodium lauryl sulfate in 0.1 mol L -1 HCl acetic acid and ethanol 23, 24 were assayed. As it was observed that the addition of acetic acid had not influenced the dissolution of the analytes, a 3 2 factorial design was used to optimize conditions for dissolution. The factors to be considered were: sodium lauryl sulfate (1.0 and 2.0 mg mL
) and ethanol (0, 150 and 300 mL) with a replica of the central point. Official guidelines recommend the use of apparatus 2 USP and 75 rpm in case of associations. In addition, taking into account the problems of solubility of both analytes, 900 mL of dissolution medium were employed. The bath temperature was set at 37.0 ± 0.5 °C. The dissolution samples were analyzed using the HPLC development method. Then, when applying an ANOVA test, it was found that the presence of sodium lauryl sulfate had not affected the dissolution of analytes while the increase of ethanol had significantly favored it. The optimum conditions of the dissolution test were: 900 mL dissolution medium comprised by a mixture of 300 mL of ethanol and 600 mL of 0.1 mol L -1 HCl, USP apparatus 2, 75 rpm in a bath preheated to 37.0 ± 0.5 °C ( Figure 5 ).
The term sink conditions is defined as the volume of medium at least greater than three times of that required to form a saturated solution of a drug substance. The sink conditions were determined and a percentage of drugs released were satisfactory. Linearity-Regression equations The optimized conditions were used by building the dissolution profiles of the tablets and capsules used as a reference for both analytes (Figure 6 ). From the curves obtained, it can be seen that none of the trademarks reached the desired value of 80%.
Assay
Furthermore, the validated HPLC method was applied to the simultaneous determination of the analytes in samples corresponding to three commercial veterinary brands (brand 1, brand 2 and brand 3). Analyses were carried out in triplicate and results (mean and RSD) are shown in Table 2 . Typical chromatograph is shown in Figure 4c .
The observed concentrations of ALB and PRA were within the range of 90-110% of their corresponding labeled contents and with RSD values of less than 2% complying with usually accepted specifications. 18 Hardness, friability and disintegration time
Other quality parameters of tablets, such as hardness, friability and disintegration time, were determined. Table 3 shows the results which are consistent with the results obtained by the dissolution profiles.
Conclusions
A novel dissolution test and HPLC methods were developed and validated to evaluate performance of ALB and PRA association for veterinary use. The HPLC method was optimized by a smart approach using experimental design methodology. Moreover, the HPLC method was used to quantify both analytes for the quality control of tablets of three brands of veterinary tablets.
Complete dissolution of capsules could be achieved at 45 min using USP Apparatus 2 at 75 rpm in 900 mL of dissolution medium containing a mixture of 600 mL of 0.1 mol L -1 HCl and 300 mL of ethanol. A reversedphase HPLC method was shown to be accurate, precise, linear, and specific for the determination of both analytes in dissolution samples.
The differences between the dissolution profiles of the three brands evaluated with respect to the reference, is related to the pharmacotechnical properties of the tablets and not to the low solubility of the active pharmaceutical ingredients. The new dissolution test can be proposed to assess the performance of commercially available products, or in the process of development of new tablet formulations containing ALB and PRA.
Other tablet quality parameters such as friability, hardness and disintegration time were assessed and the results obtained were consistent with the results obtained in dissolution profile. 
